ABSTRACT Background: In Danish data, the tradeoffs between mother and infant in the risks of adverse pregnancy outcomes were reached at lower gestational weight gain (GWG) among multiparous than among primiparous women. It is unknown whether the same difference exists among American women. Objective: The objective was to determine whether these tradeoffs also differ by parity among women in a contemporary American birth cohort. Design: Data from 822 primiparous and 2055 multiparous American women who participated in the Infant Feeding Practices Study II (2005II ( -2007, a national cohort study, were analyzed. Their selfreported GWG was divided into 4 categories (#10, .10 to ,15, 15 to ,20, and $20 kg). GWG-specific absolute adjusted risks for emergency cesarean delivery, birth of a small-for-gestational-age (SGA) or large-for-gestational-age (LGA) infant, and postpartum weight retention at 6 mo were estimated by multiple logistic regression analyses for women in 3 categories of prepregnancy body mass index. Results: Primiparous women gained more weight during pregnancy than did multiparous women (mean 6 SD: 15.9 6 6.9 compared with 13.5 6 6.2 kg; P , 0.0001). The absolute adjusted risk of postpartum weight retention rose steeply with increasing GWG among both primiparous and multiparous women. The risk of emergency cesarean delivery and of delivering LGA infants increased with increasing GWG only among multiparous women. The risk of SGA tended to decrease with increasing GWG in both parity groups. Conclusion: These findings extend the concept of a lower optimal GWG among multiparous than primiparous women to American women.
INTRODUCTION
Among women in the Danish National Birth Cohort, we showed (1) that the tradeoffs in risks of pregnancy outcomes between mother and infant may be reached at a lower gestational weight gain (GWG) 4 in multiparous than in primiparous women. This finding suggests that the recommendations for GWG should account for parity as well as prepregnancy BMI (kg/m ). This is an important issue because most (60-70%) pregnant American women are multiparous (2, 3) , and multiparity is in fact an independent predictor of obesity for women of reproductive age (4) .
American women of reproductive age differ in important ways from their Danish counterparts. A higher proportion of American women than Danish women are obese (36% compared with 15%) (5, 6) , and the American population includes more racial and ethnic subgroups. It is important to account for these characteristics of American women when assessing whether or not to modify the GWG recommendations for parity.
In the research reported here, we used data from the American women who participated in the recently released Infant Feeding Practices Study II (IFPS II). Our objective was to determine whether the point of tradeoffs in the GWG-specific risks of pregnancy outcomes was lower in multiparous women than in primiparous American women.
SUBJECTS AND METHODS

Subjects
Data from the IFPS II, a longitudinal consumer-based research study, carried out between May 2005 and June 2007 were used. Detailed information on study methods and data collection had been published (3) . Briefly, 11 questionnaires (1 prenatal and 10 postpartum) were mailed to 4902 women throughout the United States. The questionnaires collected information from the women's seventh month of pregnancy through their infant's first year of life. In the current study, 2994 women (855 primiparous and 2139 multiparous) with full-term or nearly full-term ($35 wk of gestation) singleton births were available for analysis. Of these women, 113 were ineligible because they lacked data on GWG. We excluded women who had BMI .60 (n = 3) or had an infant with a birth weight .6000 g (n = 1). Thus, 2877 participants (822 primiparous and 2055 multiparous women) were included in our analyses. This research was declared exempt by the Institutional Review Board for Human Participants at Cornell University.
Exposure variables
The main exposures were prepregnancy BMI and GWG. In the prenatal questionnaire, the women reported their prepregnancy weight and height, which were used to calculate prepregnancy BMI. Based on the WHO definition (7), prepregnancy BMI was classified as underweight and normal (BMI ,25), overweight (25 to ,30), or obese (BMI $30). Underweight and normalweight women were combined because there were few underweight women (n = 137). GWG was based on information collected from a neonatal questionnaire in which the woman was asked "How much weight did you gain during this pregnancy?" The self-reported GWG was categorized as low (#10 kg), medium (.10 to ,15 kg), high (15 to ,20 kg), or very high ($20 kg), which corresponded to the 28th, 59th, and 83rd percentiles of the GWG distribution, respectively. These GWG cutoffs were chosen to be consistent with the recent Institute of Medicine/ National Research Council GWG guidelines (8) . The 10-15-kg category was used as the reference group because it was associated with minimum infant mortality in other populations (9) . The BMI groups (3 categories) and GWG groups (4 categories) were cross-classified to generate BMI-and GWG-specific variables, which resulted in 12 categories. The women with a BMI ,25 and GWG of 10 to 15 kg created the reference category.
Pregnancy outcomes
In this study, we analyzed pregnancy outcomes closely associated with GWG, including birth of a small-for-gestationalage (SGA) or large-for-gestational-age (LGA) infant, weight retention at 6 mo postpartum (PPWR), and emergency cesarean delivery (ECD) (10) . SGA was defined as birth weight ,10th percentile and LGA as birth weight .90th percentile based on fetal growth reference tables developed by Kramer et al (11) . PPWR was defined as a weight difference of $5 kg between the woman's prepregnancy weight reported in the prenatal questionnaire and her weight at 6 mo postpartum as reported in the postnatal (6 mo) questionnaire. ECD was reported in the neonatal questionnaire in response to the question, "How was the baby delivered?" The choices were vaginally and not induced, vaginally and induced, a planned cesarean delivery, and an unplanned or ECD.
Other covariates
If available, we chose the same covariates as in our previous study (1) , which were maternal age, height, prenatal alcohol consumption, smoking during pregnancy, education, poverty level, racial-ethnic category, duration of gestation at delivery, and breastfeeding duration. The women's age at conception, parity, height, and lifestyle factors (including prenatal alcohol consumption and smoking during pregnancy) were obtained from the prenatal questionnaires. Women were categorized as consumers or nonconsumers of alcohol during the prenatal period. Similarly, they were categorized as smokers (smoked any number of cigarettes .0) or nonsmokers during this period. Maternal education was categorized as high school or less, some college (no degree or 1-3 y), or college graduate. Household income was defined as a percentage of the poverty income ratio (PIR), which was the ratio of household income to the poverty thresholds by household size. Household income was categorized as ,185% of PIR, between 185% and 350% of PIR, and .350% of PIR. Maternal racial-ethnic category was categorized as non-Hispanic white, non-Hispanic black, non-Hispanic other, and Hispanic (any race). Gestational age at delivery (in d) was calculated from the due date on the prenatal questionnaire and the infant's date of birth. Breastfeeding duration (in wk) was defined as the time when the infant stopped receiving breast milk from the mother, either directly from the breast or through pumping.
Statistical analysis
Adjusted ORs for pregnancy outcomes according to BMI and GWG categories were estimated in both primiparous and multiparous women by using multiple logistic regression models. BMI and GWG were mutually adjusted and adjusted for maternal age, women's height, prenatal alcohol consumption, smoking during pregnancy, education, poverty level, racial-ethnic category, and gestational age at delivery. In the analysis of PPWR, breastfeeding duration was added to the model. SAS 9.2 (SAS Institute Inc) was used to calculate the adjusted ORs. For birth weights (SGA, normal gestational age, and LGA), a multinomial logistic regression model was used, and the normal gestational age newborn was used as the reference category.
Because adjusted ORs across parity do not account for background differences between primiparous and multiparous women (ie, primiparous women have a higher overall risk of ECD than do multiparous women), we also computed absolute adjusted risks to describe the possible tradeoffs between mother and infant for various GWG categories. STATA 11.1 (StataCorp) was used to compute absolute adjusted risks for pregnancy outcomes according to BMI-and GWG-specific categories in each parity group. The "reference woman" was defined as non-Hispanic white, 25-29 y of age, 1.60-1.69 m in height, nonsmoking, college educated, of the highest income category (.350% of PIR), and having delivered her infant at a gestational age of 280 d. For the outcome of PPWR, she breastfed for ,14 wk. We used a significance level of 0.05 in all statistical tests, and the adjusted ORs and absolute adjusted risks were presented with 95% CIs.
RESULTS
Compared with primiparous women, multiparous women were older, had a higher BMI, and had a lower gestational age at delivery ( Table 1) . Also, multiparous women were more frequently married, in the lowest income category, or unemployed.
Overall, primiparous women gained significantly more weight during pregnancy than did multiparous women (P , 0.0001) ( Table 2) , and this was also true within BMI categories (P , 0.05). However, a lower proportion of primiparous than of multiparous women (44% compared with 52%) was overweight or obese. The mean weight gain [calculated from the total number of primiparous (n = 822) or multiparous (n = 2055) women] decreased as BMI increased, irrespective of the women's parity. For example, for primiparous women with a BMI ,25, 25 to ,30, and $30, the mean GWGs were 17.3 6 5.9, 16.4 6 6.9, and 12.1 6 7.8 kg, respectively.
Among primiparous women, the adjusted ORs for ECD, LGA, and SGA showed no trends across GWG categories within each BMI group (Table 3) . Thus, the adjusted ORs of ECD were high (3.1-4.4) in overweight and obese women regardless of GWG category. Only the adjusted ORs for PPWR increased in all BMI groups as GWG increased. Obese primiparous women who gained the most weight ($20 kg) had the highest risk of PPWR (adjusted OR: 8.8; 95% CI: 3.0, 26; Table 3 ).
In contrast, among multiparous women, the adjusted ORs for ECD and LGA increased with increasing GWG, whereas the risk of SGA decreased within each BMI group (Table 4) . Excess risk of SGA was the highest for those with BMI ,25 who gained #10 kg during pregnancy (adjusted OR: 2.6; 95% CI: 1.2, 5.4), whereas obese multiparous women with GWG $20 kg had the highest risk of having an LGA infant (adjusted OR: 6.7; 95% CI: 2.7, 17). Very similar to the pattern seen for primiparous women, the adjusted OR for PPWR increased as GWG increased irrespective of the women's BMI among multiparous women.
In primiparous women, the absolute adjusted risk of PPWR rose steeply with increasing GWG in all BMI categories, whereas risks of ECD and delivering of LGA infants were not associated with GWG ( Figure 1 ; see Table S1 under "Supplemental data" in the online issue). Obese women had the highest risk of ECD, followed by overweight women; the absolute risk of delivering an LGA infant was very similar in all BMI categories. There were only 53 SGA births among the primiparous women in this sample. As a result, we were not able to estimate the absolute adjusted risk of SGA for all BMI/GWG subgroups. SGA tended to decrease with increasing gain in all BMI groups. The one exception Percentages for the total number of subjects (the first row) are for this row only; all others are column percentages. *Significantly different from the multiparous women, P , 0.05 (t test). GWG, gestational weight gain. was for obese women who gained $20 kg. Their absolute adjusted risk of SGA was 19%, which was not significant compared with the reference woman. In contrast, in multiparous women, the absolute adjusted risks of having an ECD, delivering an LGA infant, and developing PPWR steadily increased with increasing GWG (Figure 1 ; see Table S2 under "Supplemental data" in the online issue). There were only 98 SGA births among the multiparous women in this sample. As a result, we were not able to estimate the absolute adjusted risk of SGA for obese women in the 2 highest GWG groups. Among women with a BMI ,25 and in overweight multiparous women, the risk of delivering an SGA infant decreased with increasing GWG.
Even within the same GWG category, pregnancy outcomes differed between primiparous and multiparous women. For example, multiparous women had a much higher risk of delivering an LGA infant than did primiparous women in nearly all GWG categories (see Tables S1  and S2 under "Supplemental data" in the online issue). With weight gains of 15 to 20 kg, obese multiparous women had an absolute risk of delivering an LGA infant of 33% compared with only 8% in obese primiparous women. For PPWR, surprisingly, primiparous women had a higher risk of PPWR than did multiparous women, irrespective of BMI. For example, the highest risk (40%) was seen in normalweight and obese primiparous women with a weight gain of $20 kg. In contrast, the absolute risk in multiparous women was never .30-31%, even for the highest GWG.
DISCUSSION
Among the American women who participated in the IFPS II, we confirmed our previous finding among Danish women (1) that parity has an important influence on the risk of having an ECD, delivering an LGA infant, and developing PPWR. Consistent with our findings in Danish women, primiparous American women gained more weight during pregnancy and had a higher risk of having an ECD than did multiparous women. Also similar to the Danish women, PPWR steeply increased with increasing weight gain among both primiparous and multiparous women. Within GWG categories, multiparous women had a much higher risk of delivering an LGA infant than did primiparous women. These results extend to American women the inference that multiparous women may need to gain less weight than primiparous women to achieve optimal pregnancy outcomes.
In Danish women, a high absolute adjusted risk (30%) of delivering an LGA infant was present only among obese primiparous and multiparous women (1). Among American women, however, it was present not only in obese but also in overweight multiparous women. Even for the lightest subgroup of multiparous women (BMI ,25), a GWG of $20 kg led to a risk of 23%. This difference may result from the much higher overweight and obesity rates in American than in Danish women of reproductive age (5, 6), because it is well known that overweight and obese women tend to have larger infants than their lean counterparts (12, 13) .
In the United States, 9-10% of white women and 17% of nonHispanic black women gave birth to SGA infants in 2005 (14) . Although the IFPS II is a national sample, it is not nationally representative and, unfortunately, includes relatively few births to minority women. As expected from these characteristics, the proportions of SGA births in the IFPS II sample were much lower than national statistics: 7.4% of the 715 births to primiparous and 5.2% of the 1883 births to multiparous women were SGA. These small numbers led to wide CIs and limited our 1 The BMI (in kg/m 2 )-and GWG-specific variables with 12 categories and mother's age and height, education, poverty level, prenatal alcohol consumption, race-ethnicity, smoking in pregnancy, and gestational age (in d) at delivery were adjusted for. For PPWR, breastfeeding duration was added to the model. There was no significant BMI and GWG interaction effect for any of the pregnancy outcomes (P . 0.05, Wald's test), and there were no significant trends for any of the variables. ECD, emergency cesarean delivery; GWG, gestational weight gain; LGA, large for gestational age; PPWR, postpartum weight retention; SGA, small for gestational age.
2 Defined as a weight difference of $5 kg between the woman's prepregnancy weight and her weight 6 mo after birth. SGA was defined as birth weight ,10th percentile, and LGA was defined as birth weight .90th percentile based on fetal growth reference tables developed by Kramer et al (11). ability to estimate the absolute adjusted risk of SGA for some BMI/GWG combinations. Nonetheless, we saw the same general trends as in the Danish data (1), namely that SGA risk ,10% was reached at lower GWG categories in multiparous than in primiparous women.
Infants who are born too large for their gestational age are a cause for concern because LGA is associated with childhood obesity (15) and increased risk of diabetes and obesity in adulthood (16, 17) . The findings in both American and Danish studies that the strong association between high weight gain during pregnancy and LGA infants is mainly seen in multiparous women and may justify that within a given prepregnancy BMI category suggests that multiparous women could be advised to gain less weight than primiparous women to prevent or reduce the risk of delivering LGA infants.
To our knowledge, this study and our previous work in Denmark (1) are the only 2 investigations that have included PPWR as one of the pregnancy outcomes in women defined by their BMI, GWG, and parity. The major public health problem facing the Western world is the high prevalence of overweight and obesity (18) . Excessive PPWR is associated with long-term weight gain (19) , which is detrimental to the long-term health of women (20) . Our finding of a dramatically increased risk of PPWR with increasing GWG in both primiparous and multiparous women emphasizes the importance of gaining an appropriate amount of weight during pregnancy.
Surprisingly, we found that primiparous women had an even higher risk of PPWR than did multiparous women. We are not the only group to have observed this phenomenon. For example, among Iranian women, weight retention was higher for primiparous women than for multiparous women (21) . This observation is hard to explain because we adjusted for breastfeeding duration-one of the known determinants of PPWR (22) for both parity groups. Other confounding factors, such as diet and physical activity (23), which we did not assess, may have played a role. Importantly, higher PPWR among primiparous may be related to characteristics of fat storage that are unique to a first pregnancy because primiparous women deliver smaller infants than do multiparous women for a given weight gain. Sidebottom et al (24) showed that primiparous women gained more at the thigh and subscapula than did multiparous women. Data on changes in fatfold thickness are not available in the IFPS II, so we were unable to examine this possibility in our study.
American women are heavier and racially and ethnically more diverse than Danish women; therefore, differences in the findings between these 2 populations were expected. For example, the absolute risk of ECD rose only slightly with increasing weight gain in Danish multiparous women, but it increased sharply in American multiparous women. The risk of ECD reached 22% for obese women who gained 15-20 kg, which was more than double that of Danish multiparous women with similar weight gain. This finding is consistent with the reported higher rates of cesarean deliveries of all types in the United States (33%) (25) than in Denmark (21%) (26) , which likely reflects different obstetric practices.
One of the strengths of this study was that we compared the absolute risks of pregnancy outcomes between primiparous and multiparous women, which permitted us to account for background differences between primiparous and multiparous women. We showed for multiparous women that the absolute risk of ECD increased steadily with increasing weight gain. In contrast, for 1 The BMI (in kg/m 2 )-and GWG-specific variables with 12 categories and mother's age and height, education, poverty level, prenatal alcohol consumption, race-ethnicity, smoking in pregnancy, and gestational age (in d) at delivery were adjusted for. For PPWR, breastfeeding duration was added to the model. There was no significant BMI and GWG interaction effect for any of the pregnancy outcomes (P . 0.05, Wald's test), and there were no significant trends for any of the variables. ECD, emergency cesarean delivery; GWG, gestational weight gain; LGA, large for gestational age; PPWR, postpartum weight retention; SGA, small for gestational age.
2 Defined as a weight difference of $5 kg between the woman's prepregnancy weight and her weight 6 mo after birth. SGA was defined as birth weight ,10th percentile, and LGA was defined as birth weight .90th percentile based on fetal growth reference tables developed by Kramer et al (11) . primiparous women, this did not happen even though their absolute risk of ECD is higher. This suggests that, for ECD, weight gain might not be as important for primiparous women as it is for multiparous women. Multiparous women had larger infants than did primiparous women, which may have been the indication for emergency delivery (because of dystocia). On the other hand, studying ECD in multiparous women is difficult because data on prior cesarean deliveries among multiparous women were unavailable. Moreover, obstetric practices may play a significant role in the decision to have an ECD (26) .
As noted above, the results of this study were limited by its comparatively small sample size and limited number of cases of SGA infants, especially for primiparous women. In future studies, a larger sample size is needed to be able to estimate this risk adequately.
The American population is more racially and ethnically diverse than the nearly all-white population of Denmark. The IFPS II included a diverse sample of American women, but fell short of being fully nationally representative (3). Thus, the findings from the current study are generalizable to white, black, and Hispanic American women, but not to other racial and ethnic subgroups of the American population.
In conclusion, our finding of a substantial risk of PPWR with increasing GWG in both primiparous and multiparous American women emphasizes the importance of gaining an appropriate amount of weight during pregnancy. Most importantly, our findings effectively extend the validity and importance of the Danish findings to American women and confirm the important concept of a lower optimal GWG in multiparous than in primiparous women.
